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(57) ABSTRACT

A three dimensional memory 1includes a substrate, a plurality
ol source lines, a plurality of 1solation structures, a plurality
of drain lines, a plurality of bit lines, a plurality of charge
storage structures, and a plurality of conductive layers. The
source lines are located on the substrate. The i1solation
structures are respectively located between the source lines,
so as to electrically 1solate the source lines from each other.
The drain lines are located on the source lines. Extending
directions of the source lines and the drain lines are different.
The bit lines extend from the source lines to the drain lines.
The charge storage structures respectively surround the bit
lines. The conductive layers respectively cover surfaces of
the charge storage structures arranged along each of the
source lines.
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THREE DIMENSIONAL NOR FLASH
MEMORY WITH ISOLATED SOURCE LINES
AND METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the prionty benefit of China
application serial no. 201710645400.1, filed on Aug. 1,

2017. The entirety of the above-mentioned patent applica-
tion 1s hereby incorporated by reference herein and made a
part of this specification.

TECHNICAL FIELD

The invention 1s related to a semiconductor device and a
method of operating the same, and particularly to a three
dimensional memory and a method of operating the same.

DESCRIPTION OF RELATED ART

A flash memory can be used to perform data writing,
reading, and erasing operations repeatedly for many times,
and the data stored in the tlash memory will not disappear
alter the power 1s turned ofl. Therefore, the flash memory
has become a non-volatile memory device widely used in
personal computers and various electronic devices.

In a conventional flash memory, a floating gate and a
control gate are fabricated with doped polysilicon and
spaced by a dielectric layer. The floating gate and the
substrate are spaced by a tunneling oxide layer. When the
data in the flash memory 1s read, a working voltage 1is
applied to the control gate, and the channel under the
floating gate 1s turned on/off according to a charged state of
the floating gate, and the ON/OFF state of the channel 1s
used to determine whether the data 1s “0” or “17.

In line with progress 1n semiconductor technology, vari-
ous electronic products are developed with high speed, high
performance and slim size. Accordingly, the demand for
flash memory with higher storage capability also increases.
Therefore, the design of flash memories has also been
developed to fabricate a three-dimensional flash memory
structure with high integration and high density.

SUMMARY OF INVENTION

The invention provides a three dimensional memory and
a method of operating the same, which can store a data of
four bits 1n a single memory cell, thereby improving the
storage capability of the overall three dimensional memory.

The mvention provides a three dimensional memory, in
which an 1solation structure 1s disposed between adjacent
source lines so as to reduce interference during reading
operation.

The 1nvention provides a three dimensional memory
including a substrate, a plurality of source lines, a plurality
ol 1solation structures, a plurality of drain lines, a plurality
of bit lines, a plurality of charge storage structures and a
plurality of conductive layers. The source lines are located
on the substrate. The isolation structures are respectively
located between the source lines so as to electrically 1solate
the source lines from each other. The drain lines are located
on the source lines. Extending directions of the source lines
and the drain lines are different. The bit lines extend from the
source lines to the drain lines. The charge storage structures
respectively surround the bit lines. The conductive layers
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2

respectively cover surfaces of the charge storage structures
arranged along each of the source lines.

In summary, according to the invention, the isolation
structure 1s disposed between two adjacent source lines so as
to electrically 1solate the two adjacent source lines, thereby
reducing interference during reading operation. In addition,
the invention utilizes a high dielectric constant maternial as a
charge storage layer which can store a data of four bits 1n a
single memory cell, thereby improving the storage capabil-
ity of the overall three dimensional memory. Moreover, the
invention erases the memory cell via a band to band hot hole
injection mode which can reduce damage caused to the
tunneling dielectric layer and thus improving the reliability
of the three dimensional memory.

In order to make the aforementioned features and advan-
tages of the mvention more comprehensible, embodiments
accompanying figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a three dimensional schematic view illustrating,
a three dimensional memory according to an embodiment of
the 1nvention.

FIG. 2A to FIG. 2L are cross-sectional schematic views
illustrating a fabricating process along line A-A i FIG. 1.

FIG. 3A to FIG. 3P are cross-sectional schematic views
illustrating a fabricating process along line B-B in FIG. 1.

FIG. 4A 15 a cross-sectional schematic view 1llustrating an
operation of programming a three dimensional memory 1n
an embodiment of the mvention.

FIG. 4B 1s a cross-sectional schematic view 1llustrating an
operation of erasing a three-dimensional memory in an
embodiment of the invention.

FIG. 4C and FIG. 4D are cross-sectional schematic views
respectively illustrating an operation of reading a three
dimensional memory 1n an embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

The disclosure 1s illustrated more comprehensively refer-
ring to the drawings of the embodiments. However, the
disclosure may be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Thicknesses of layers and regions in the draw-
ings may be enlarged for clarity. The same or similar
reference numbers represent the same or similar compo-
nents, and are not repeated again in the following para-
graphs.

FIG. 1 1s a three dimensional schematic view illustrating
a three dimensional memory according to an embodiment of
the invention. In the embodiment, the three dimensional
memory in FIG. 1 may be, for example, an NOR flash
memory. For clarity of illustration, FIG. 1 only illustrates a
substrate, a bottom dielectric layer, a source line, an 1solation
structure, a memory cell and a drain line; please refer to the
other cross-sectional schematic views for illustration of the
rest of components.

Retferring to FIG. 1, the embodiment provides a three
dimensional memory including a substrate 100, a bottom
dielectric layer 102, a plurality of source lines 104a, a
plurality of 1solation structures 1164, a plurality of memory
cells, a plurality of bit lines 114, a plurality of word lines WL
and a plurality of drain lines 128. Specifically, the bottom
dielectric layer 102 1s disposed on the substrate 100. The
source lines 104q are disposed on the bottom dielectric layer
102 so that the bottom dielectric layer 102 1s located
between the source lines 104a and the substrate 100. The




US 10,580,487 B2

3

source lines 1044 are strip-like patterns which extend along
a Y-direction. The 1solation structures 116a are disposed on
the bottom dielectric layer 102 between the source lines
104a to electrically 1solate two adjacent source lines 104a,
thereby reducing the mterference during reading operation.
In an embodiment, the 1solation structures 116a are strip-
shaped and extend along the Y-direction.

The memory cells are respectively located on the source
lines 104a 1n array. Specifically, each memory cell includes
a charge storage structure 118. The charge storage structure
118 surrounds a second portion 1145 (as shown 1n FI1G. 2L)
of the bit line 114. In an embodiment, the bit line 114 may
be, for example, a cylindrical structure, and the charge
storage structure 118 1s band-shaped and surrounds a central
portion of the bit line 114, which should not be construed as
a limitation to the invention. In other embodiments, the bit
line 114 may be, for example, a polygonal pillar structure. In
addition, a length L. of the charge storage structure 118
relative to a vertical direction of a surface of the substrate
100 may be regarded as a channel length. The bit line 114
extends from the source line 104a to the drain line 128. In
an embodiment, the bit line 114 extends along a Z-direction
so that both ends of the bit line 114 are respectively
connected with the source line 104q and the drain line 128.
The material for forming the bit line 114 includes a p-type
polysilicon material, such that a first portion 114a (see FIG.
2L) of the bit line 114 between the source lines 1044 and the
charge storage structure 118 may serve as a source. The
second portion 1145 of the bit line 114 covered by the charge
storage structure 118 may serve as an active region or a
channel region. A third portion 114¢ (as shown in FIG. 2L)
of the bit line 114 between the drain line 128 and charge
storage structure 118 may serve as a drain. FEach word line
WL covers surfaces of the plurality of charge storage struc-
tures 118 arranged along the same column. A shown 1n FIG.
1, the word line WL extends along the Y-direction. That 1s
to say, an extending direction of the word line WL and an
extending direction of the source line 104q are the same.

Each drain line 128 1s connected with a plurality of bit
lines 114 arranged in the same row. The drain line 128
extends along an X-direction. In other words, an extending

direction of the drain line 128 and an extending direction of

L ] [T

the source line 104a are diflerent.

FIG. 2A to FIG. 2L are cross-sectional schematic views
illustrating a fabricating process along line A-A 1n FIG. 1.
FIG. 3A to FIG. 3P are cross-sectional schematic views
illustrating a fabricating process along line B-B i FIG. 1.

Referring to FIG. 2A and FIG. 3A, the embodiment
provides a fabricating method of a three dimensional
memory in FIG. 1; the fabricating steps are described as
tollows. First of all, a substrate 100 1s provided. In an
embodiment, the substrate 100 may be, for example, a
semiconductor substrate, a semiconductor compound sub-
strate or a semiconductor over insulator (SOI). In the
embodiment, the substrate 100 may be a p-type silicon
substrate.

Next, the bottom dielectric layer 102, a conductive layer
104, a bufler structure 106 and a dielectric layer 108 are
formed on the substrate 100 1n order. In an embodiment, the
bottom dielectric layer 102 may be a silicon oxide layer,
which may be formed via a chemical vapor deposition
process. The conductive layer 104 may be a doped polysili-
con layer. In the embodiment, the conductive layer 104 may
be an n+polysilicon layer, and a dopant implanted therein
may be phosphor or arsenic, and the doping concentration
may be, for example, 1x10'%*/cm” to 1x10*'/cm”. The buffer
structure 106 includes a composite structure consisting of a
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silicon oxide layer 106a, a silicon nitride layer 1065 and a
silicon oxide layer 106c, which may be formed via a
chemical vapor deposition process. The dielectric layer 108
may be a silicon nitride layer, which may be formed via a
chemical vapor disposition process.

Referring to FIG. 2A to FIG. 2B and FIG. 3A to FIG. 3B,
an 1solation layer 110 1s formed 1n the conductive layer 104,
the bufler structure 106 and the dielectric layer 108. The
1solation layer 110 extends along a direction of line A-A (i.e.,
the Y-direction 1n FIG. 1), thereby dividing the conductive
layer 104 into a plurality of source lines 104a. The 1solation
layer 110 may be formed via a method of forming an
opening 10 i the conductive layer 104, the bufler structure
106 and the dielectric layer 108. The opening 10 exposes a
top surtace of the bottom dielectric layer 102. Thereatter, an
1solation matenal 1s filled mto the opeming 10 and a pla-
narization process 1s carried out. In this stage, as shown in
FIG. 3B, a top surface of the i1solation layer 110 and a top
surface of the dielectric layer 108 are substantially coplanar.
In an embodiment, the planarization process may be a
chemical mechanical polishing (CMP) process or an etching
back process. The material of the 1solation layer 110 may be
a silicon oxide.

Referring to FIG. 2B to FIG. 2C and FIG. 3B to FIG. 3C,
a plurality of openings 12 that penetrate through the butler
structure 106 and the dielectric layer 108 are formed, so as
to expose a top surface of the source line 1044. In addition,
since the openings 12 are configured to define a position of
the bit line 114 1n FIG. 1, the openings 12 are respectively
formed on the source line 104a 1n array. Afterwards, a
conductive material 112 1s formed on the substrate 100. The
conductive material 112 1s filled 1n the opening 12 and
covers the top surface of the dielectric layer 108. In an
embodiment, the conductive material 112 may be, for
example, a p-type polysilicon material, and the dopant
implanted therein may be, for example, boron.

Referring to FI1G. 2C to FIG. 2D and FIG. 2C to FIG. 3D,
a planarization process 1s carried out so as to expose the top
surface of the dielectric layer 108, and to form the bit lines
114 1n each of the openings 12. In this stage, the top surface
of the bit line 114 and the top surface of the dielectric layer
108 are substantially coplanar. In an embodiment, the pla-
narization process may be a CMP process or an etching back
pProcess.

Referring to FIG. 2D to FIG. 2E and FIG. 3D to FIG. 3E,
the 1solation layer 110 1s recessed, such that the top surface
of the 1solation structure 116 and the top surface of the buller
structure 106 are substantially coplanar. Thereaiter, the
dielectric layer 108 1s removed so as to expose the top
surface of the bufler structure 106. In an embodiment, the
isolation layer 110 may be recessed via a wet etching
process, which may be carried out by using an etching
solution that has high etching selection ratio with respect to
the 1solation layer 110 and the dielectric layer 108 (or bit line
114). Similarly, the dielectric layer 108 may be removed via
a wet etching method, which may be carried out by using an
etching solution that has a high etching selection ratio with
respect to the dielectric layer 108 and the bit line 114 (or
1solation structure 116).

Referring to FIG. 2F and FIG. 3F, the charge storage
structure 118 1s formed on the substrate 100. The charge
storage structure 118 conformally covers a surface of the bit
line 114, the top surface of the buller structure 106 and the
top surface ol the isolation structure 116. Although the
charge storage structure 118 illustrated 1n FIG. 2F and FIG.
3F 1s a single-layered structure, in fact the charge storage
structure 118 may 1include a tunneling dielectric layer, a
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charge storage layer and an electron blocking layer (not
shown). The charge storage layer 1s disposed between the
tunneling dielectric layer and the electron blocking layer. In
an embodiment, the charge storage structure 118 may be, for
example, a composite structure consisting of a silicon oxide
layer/a silicon mitride layer/a silicon oxide layer, which
should not be construed as a limitation to the invention. In
other embodiment, the material of the charge storage layer
may be a high dielectric constant material so as to provide
high capacitive coupling. The high dielectric constant mate-
rial refers to a dielectric material which has a dielectric
constant higher than 4. The high dielectric constant material
may be, for example, a silicon nitride, an aluminum oxide,
a hatnium dioxide, a zirconium dioxide, a lanthanum oxide,
an yttrium oxide or a combination thereof. As compared
with a conventional memory which uses doped polysilicon
as the floating gate, the charge storage structure 118 1n the
embodiment reduces the thickness of the tunneling dielectric
layer and electron blocking layer while maintaimng the
reliability of the memory. In addition, the charge storage
layer with high dielectric constant 1in the embodiment has a
lower eflective oxide thickness (EOT), which {facilitates
mimmizing the size of memory. Additionally, since the high
dielectric constant material 1s an electrical msulation mate-
rial, electrons may be stored separately in the charge storage
layer having high dielectric constant so as to achieve the
ellect of storing a data of four bits 1n a single memory cell.
In an alternative embodiment, the matenial of the charge
storage layer may be a material having a larger conduction
band oflset relative to the tunneling dielectric layer and the
clectron blocking layer and has a better reliability.

It should be mentioned that, under a ligh temperature
condition, an n-type dopant of the source line 104q difluses
into a first portion 114a of the bit line 114 so as to form a
source region. A second portion 11456 of the bit line 114 1s
on the first portion 114a of the bit line 114. In an embodi-
ment, the second portion 1145 of the bit line 114 may be a
p-type conductive type; the first portion (or source region) of
the bit line 114 may be an n-type conductive type. The first
portion 114a of the bit line 114 1s embedded 1n the bufler
structure 106. The charge storage structure 118 covers and
surrounds the second portion 1145 of the bit line 114. To
keep the illustration simple and clear, the first portion 1144
1s only 1llustrated in FIG. 2F and FIG. 3F without being
illustrated in the following drawings.

Referring to FIG. 2G and FIG. 3G, the conductive layer
120 1s formed on the charge storage structure 118. The
conductive layer 120 surrounds the charge storage structure
118 and covers the top surface of the charge storage structure
118. In an embodiment, the material of the conductive layer
120 may be a doped polysilicon, for example, and a forming
method thereol may be a chemical vapor deposition process.
In an alternative embodiment, the material of the conducive
layer 120 may be a metallic matenal such as copper (Cu),
aluminum (Al), tungsten (W) or a combination thereof.

Referring to FIG. 2G to FIG. 2H and FIG. 3G to FIG. 3H,
a planarization process 1s conducted on the conductive layer
120 so as to expose the top surface of the charge storage
structure 118. Under the circumstances, as shown 1n FIG. 2H
and FI1G. 3H, the conductive layer 120a 1s disposed aside the
bit line 114, and the tops surface of the conductive layer
120a and the top surface of the charge storage structure 118
may be substantially coplanar. In an embodiment, the pla-
narization process may be the CMP process or the etching
back process.

Referring to FIG. 2H to FIG. 21 and FIG. 3H to FIG. 31,

an etching process 1s carried out to remove a portion of the
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conductive layer 120q so as to expose an upper portion 118U
of the charge storage structure 118. Under the circum-
stances, as shown in FIG. 21 and FIG. 31, the top surface of
the conductive layer 1205 1s lower than the top surface of the
charge storage structure 118 (or bit line 114). In an embodi-
ment, the etching process may be the etching back process.

Referring to FIG. 31 and FIG. 31, an opening 14 1s formed
in the conductive layer 1205 between the bit lines 114 so as
to form a conductive layer 120c. The opening 14 corre-
sponds to the 1solation structure 1164. In an embodiment, the
opening 14 may be a strip-like opening which extends along
the Y-direction (as shown in FIG. 1). The opening 14
penetrates through the conductive layer 120c¢, the charge
storage structure 118 and a portion of the buller structure
106 so as to expose the silicon oxide layer 1064 of the butler
structure 106. In an embodiment, the forming method of the
opening 14 includes a lithography process and an etching
process. The etching process may be, for example, a reactive
ion etching (RIE) process.

Referring to FIG. 3] and FIG. 3K, a spacer material 122
1s formed on the substrate 100. The spacer material 122
conformally covers the surface of the opening 14, the top
surface of the conductive layer 120¢ and the top surface of
the charge storage structure 118. In an embodiment, the
material of the spacer material 122 may be, silicon nitride,
for example, and a forming method thereol may be a
chemical vapor deposition process.

Retferring to FIG. 3K and FIG. 3L, a dry etching process
1s carried out to remove a portion of the spacer material 122
so as to form a spacer 122a on the sidewall of the conductive
layer 120¢ and form a spacer 1226 on the sidewall of the
upper portion 118U of the charge storage structure 118.
Under such circumstances, the spacer material 122 at the
bottom surface of the opening 14 1s also removed so as to
expose the top surface (not shown) of the silicon nitride
layer 106a of the bufler structure 106. In an embodiment, the
dry etching process may be, for example, an RIE process.
Thereafter, a wet etching process 1s performed so as to
remove the silicon oxide layer 106a of the bufler structure
106, and form a gap 16 in the bufler structure 106. The gap
16 exposes a portion of the top surface of the source line
104a. As shown 1n FIG. 3L, the gap 16 1s defined by the
silicon nitride layer 10656 of the bufler structure 106, the bit
line 114 and the source line 104a.

Referring to FIG. 3L and FIG. 3M, a metal silicide
process 1s carried out so as to form a metal silicide layer 124
on a portion of the top surface of the source line 104q
exposed from the gap 16. As shown in FIG. 3M, the metal
silicide layer 124 1s not only disposed on the top surface of
the source line 1044 that 1s not covered by the bit line 114,
but also extends into the source line 1044 under the bit line
114 so as to reduce the resistance between the source line
104a and the bit line 114, thereby improving the speed of
memory. The metal silicide process includes forming a metal
layer (not shown) on the source line 104q. Thereafter, an
annealing process 1s carried out such that the metal layer 1s
reacted with the source line 104aq in contact to form the
metal silicide layer 124. In an embodiment, the matenal of
the metal silicide layer 124 1s, for example, nickel silicide
(N1S51), cobalt silicide (CoS1), titamum silicide (T151), tung-
sten silicide (WS1), molybdenum silicide (MoSi1), platinum
silicide (PtS1), palladium silicide (PdSi) or a combination
thereof.

Since the change 1n the layers in FIG. 3] to FIG. 3M 1s not
shown 1n the cross-sectional view taken along line A-A 1n
FIG. 1, in order to keep the illustration simple and clear, the
present invention does not show a cross-sectional view taken
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along line A-A corresponding to the steps 1llustrated in FIG.
3] to FIG. 3M. In other words, the step 1n FIG. 2] 1s carried
out 1n continuation of the step of forming the metal silicide
layer 124. Referring to FIG. 2J and FIG. 3M to FIG. 3N, the
dielectric layer 126 1s formed on the substrate 100. The
dielectric layer 126 1s filled into the opening 14 and filled
into the gap 16. As shown in FIG. 3N, the dielectric layer
126 further covers the top surface of the charge storage
structure 118. In an embodiment, the material of the dielec-
tric layer 126 includes silicon oxide and the forming method
thereol may be the chemical vapor deposition process.

Referring to FIG. 2] to FIG. 2K and FIG. 3N to FIG. 30,
a planarization process 1s carried out on the dielectric layer
126 to remove a portion of the dielectric layer 126, a portion
of the charge storage structure 118 and a portion of the
spacer 1225 so as to expose the top surface of the bit line
114. Under such circumstances, as shown in FI1G. 30, the top
surface of the bit line 114, the top surface of the charge
storage structure 118 and the top surface of the dielectric
layer 126a may be substantially coplanar. In an embodiment,
the planarization process may be the CMP process or the
etching back process.

Referring to FIG. 2L and FIG. 3P, the drain line 128 1s
tormed on the bit line 114. The drain line 128 extends along
a direction of line B-B (or the X direction 1n FIG. 1) across
the source line 104a and the 1solation structure 116a4. In the
embodiment, the drain line 128 may be an n+polysilicon
layer, and the dopant implanted therein may be phosphor or
arsenic, and the doping concentration thereol may be, for
example, 1x10"%/cm” to 1x10°'/cm’, which should not be
construed as a limitation to the invention. In other embodi-
ment, the drain line 128 may be a metal or other conductive
material. In an alternative embodiment, an 1on implantation
process may be performed on the bit line 114 so as to implant
the phosphor dopant or arsenic dopant 1nto the third portion
114¢ of the bit line 114, thereby forming the drain region. In
other words, as shown 1n FIG. 2L, the bit line 114 includes
the first portion 114a, the second portion 11456 and the third
portion 114¢. The second portion 1145 1s between the first
portion 114a and the third portion 114¢. In an embodiment,
the conductive type of the second portion 1145 1s different
from the conducive type of the first portion 114a and the
third portion 114¢. In the embodiment, the second portion
1145 may have a p-type conductive type, which may be
regarded as an active region or a channel region. The first
portion 114a and the third portion 114¢ may have an n-type
conductive type. The first portion 114a may be regarded as
a source region; the third portion 114¢ may be regarded as
a drain region.

It should be pointed out that, as shown 1n FIG. 2L and
FI1G. 3P, the bit line 114 extends from the source line 104a
to the dramn line 128. The charge storage structure 118
surrounds the sidewall of the bit line 114 and extends to
cover the top surface of the buller structure 106. The
conductive layer 120c¢ covers the surface of the charge
storage structure 118 such that the charge storage structure
118 1s disposed between the bit line 114 and the conductive
layer 120c. The conductive layer 120c¢ at least covers the
second portion (or channel region) 1145 of the bit line 114.
That 1s to say, the conductive layer 120¢c may be regarded as
a control gate or a word line of the memory cell.

In the embodiment, although the source line 104a illus-
trated in FIG. 2L and FIG. 3P 1s a source end, and drain line

128 i1s a drain end, which should not be construed as a
limitation to the invention. In other embodiments, the source
line 104a may serve as a drain end, and the drain line 128
may serve as a source end.
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FIG. 4 A 15 a cross-sectional schematic view illustrating an
operation ol programming a three dimensional memory of
an embodiment of the invention. FIG. 4B 1s a cross-sectional
schematic view illustrating an operation of erasing a three
dimensional memory of an embodiment of the ivention.
FIG. 4C and FIG. 4D are cross-sectional schematic views
respectively illustrating an operation of reading a three
dimensional memory of an embodiment of the invention.

An operating method of the three dimensional memory of
the embodiment includes programming, erasing or reading
the charge storage structure 118 1n FIG. 1. Referrning to FIG.
4A, a mechanism of programming the charge storage struc-
ture 118 includes a channel hot electron injection mode.
Specifically, the channel hot electron 1njection mode
involves steps as tollows. A positive voltage V_ 1s applied to
the word line WL (which corresponds to the conductive
layer 120c 1n FIG. 1), another positive voltage V , 1s applied
to the drain D (which corresponds to the drain line 128 in
FIG. 1), and a source S (which corresponds to the source line
104a m FIG. 1) 1s grounded so as to conduct the memory
cell. Accordingly, a current flows 1nto the source S from the
drain D, and the hot electron generated 1n the channel C 1s
attracted and stored 1n the charge storage structure 118 near
the drain D so as to generate a “01” state. Simuilarly, different
voltages are applied to the word line WL, the drain D and the
source S so0 as to generate 107, 117 or 00 states respec-
tively. Accordingly, the charge storage structure 118 1n the
embodiment may be configured to store data of four bits. In
an embodiment, the voltage V, may range from 7 volts to 9.5
volts; the voltage V , may range from 3.5 volts to 5 volts.

Referring to FIG. 4B, a mechanism for erasing the charge
storage structure 118 includes a band to band hot hole
injection mode. Specifically, the band to band hot hole
injection mode mvolves steps as follows. A negative voltage
V, 1s applied to the word line WL (which corresponds to the
conductive layer 120c¢ 1n FIG. 1), the positive voltage V , 1s
applied to the draimn D (which corresponds to the drain line
128 in FIG. 1), and the source S (which corresponds to the
source line 104a 1n FIG. 1) 1s grounded. In this manner, the
hot hole 1n the channel C 1s attracted and injected into the
charge storage structure 118 near the drain D, such that the
hot hole 1s coupled to the electron stored therein. In the
embodiment, the band to band hot hole 1njection mode 1s
applied to erase the charge storage structure 118, which can
reduce the damage caused to the tunneling dielectric layer in
the charge storage structure 118, thereby improving the
reliability of the three dimensional memory. In an embodi-
ment, the voltage V _ may range from —-10 volts to —15 volts;
the voltage V ; may range from 3.5 volts to 5 volts.

Referring to FIG. 4C and FIG. 4D, a mechanism for
reading the charge storage structure 118 includes a forward
read mode and a reverse read mode. Specifically, the forward
read mode ivolve steps as follows. As shown 1n FIG. 4C,
a reading voltage V 1s applied to the word line WL (which
corresponds to the conducive layer 120¢ in FIG. 1), a
forward voltage V -1s applied to the drain D (which corre-
sponds to the drain line 128 in FIG. 1), and the source S
(which corresponds to the source line 104a in FIG. 1) 1s
grounded so as to read the storage state of the charge storage
structure 118 near the drain D. Therefore, when the electron
1s stored 1n the charge storage structure 118 near the drain D,
the threshold of the memory cell 1s increased, and the
memory cell performs operation 1 an OFF state. In an
embodiment, the reading voltage V, may range from 3.5
volts to 4.5 volts; the voltage V,may range from 0.7 volt to
1.2 volts.
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The reverse read mode mvolve steps similar to the steps
described above. As shown 1n FIG. 4D, the reading voltage
1s applied to the word line WL (which corresponds to the
conductive layer 120¢ i FIG. 1), a positive voltage V, 1s
applied to the source S (which corresponds to the source line
104a 1n FIG. 1), and the drain D (which corresponds to the
drain line 128 in FIG. 1) 1s grounded so as to read the storage
state of the charge storage structure 118 near the source S.
Therefore, when the electron 1s not stored in the charge
storage structure 118 near the source S, the threshold of the
memory cell 1s reduced, and the memory cell performs
operation 1 an ON state. In an embodiment, the reading
voltage V_, may range from 3.5 volts to 4.5 volts; the voltage
V., may range from 0.7 volt to 1.2 volts.

In summary, according to the invention, the 1solation
structure 1s disposed between two adjacent source lines so as
to electrically 1solate the two adjacent source lines, thereby
reducing the interference during reading operation. On the
other and, the mvention uses the high dielectric constant
material as the charge storage layer, which can store data of
four bits 1n a single memory cell, thereby improving the
overall storage capability of the three dimensional memory.
In addition, according to the invention, the memory cell 1s
erased via the band to band hot hole injection mode, which
can reduce damage caused to the tunneling dielectric layer,
thereby improving the reliability of the three dimensional
memory.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the disclosed embodiments without departing from the scope
or spirit of the disclosure. In view of the foregoing, it 1s
intended that the disclosure cover modifications and varia-
tions of this disclosure provided they fall within the scope of
the following claims and their equivalents.

What 1s claimed 1s:

1. A three dimensional NOR flash memory, comprising:

a plurality of source lines, disposed on a substrate;

a plurality of 1solation structures, respectively disposed
between the source lines so as to electrically 1solate the
source lines;

a plurality of drain lines, disposed on the source line,
wherein extension directions of the drain line and the
source line are different:

a plurality of bit lines, each having two ends respectively
connected with the source line and the drain line;

a plurality of charge storage structures, respectively sur-
rounding the plurality of bit lines; and

a plurality of conductive layers, respectively covering
surfaces of the charge storage structures arranged along
each of the source lines,

wherein each of the plurality of drain lines connects to
corresponding ones of the plurality of bit lines.

2. The three dimensional NOR flash memory according to
claim 1, wherein a material of the bit line comprises a first
type polysilicon material, a matenal of the source line and
the drain line comprises a second type polysilicon material,
and the first type polysilicon matenal 1s different from the
second type polysilicon material.

10

15

20

25

30

35

40

45

50

55

10

3. The three dimensional NOR flash memory according to
claam 1, wherein each of the bit lines comprises a first
portion not surrounded by the charge storage structure, a
second portion surrounded by the charge storage structure,
and a third portion not surrounded by the charge storage
structure, the second portion 1s disposed between the first
portion and the third portion, the first portion 1s connected to
the source line and serves as a source, the third portion 1s
connected to the drain line and serves as a drain.

4. The three dimensional NOR flash memory according to
claim 1, further comprising a metal silicide layer disposed
on the source line so as to reduce a resistance between the
source line and the bit line.

5. The three dimensional NOR flash memory according to
claim 1, wherein the charge storage structure 1s configured
to store a data of four bits.

6. The three dimensional NOR flash memory according to
claim 1, wherein the charge storage structure comprises a
tunneling dielectric layer, a charge storage layer and an
clectron blocking layer, the charge storage layer 1s disposed
between the tunneling dielectric layer and the electron
blocking layer.

7. The three dimensional NOR flash memory according to
claiam 6, wherein a material of the charge storage layer
comprises a silicon nitride, an aluminum oxide, a hainium
dioxide, a zirconium dioxide, a lanthanum oxide, an yttrium
oxide or a combination thereof.

8. An operating method of the three dimensional NOR
flash memory according to claim 1, comprising program-
ming, erasing or reading the charge storage structure.

9. The operating method of the three dimensional NOR
flash memory according to claam 8, wherein the step of
programming the charge storage structure comprises apply-
ing a positive voltage to the conductive layer, applying
another positive voltage to the drain line and grounding the
source line so as to store an electron in the charge storage
structure near the drain line.

10. The operating method of the three dimensional NOR
flash memory according to claim 8, wherein the step of
erasing the charge storage structure comprises applying a
negative voltage to the conductive layer, applying a positive
voltage to the drain line and grounding the source line so as
to attract a hole into the charge storage structure near the
drain line.

11. The operating method of the three dimensional NOR
flash memory according to claam 8, wherein the step of
reading the charge storage structure comprises applying a
reading voltage to the conductive layer, applying a positive
voltage to the drain line and grounding the source line so as
to read a storage state of the charge storage structure near the
drain line.

12. The operating method of the three dimensional NOR
flash memory according to claim 8, wherein the step of
reading the charge storage structure comprises applying a
reading voltage to the conductive layer, applying a positive
voltage to the source line and grounding the drain line so as
to read a storage state of the charge storage structure near the
source line.
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